Purpose To establish a ratio of the P level to the number of follicles (P/F ratio) on the day of human chorionic gonadotropin (hCG) administration and to evaluate whether this ratio is associated with in vitro fertilization (IVF) outcome. Methods This study was conducted between January 2012 and June 2013. A total of 337 patients with cleavage-stage day-3 fresh embryo transfer with P levels ≤1.5 ng/mL on the day of hCG administration were included in the study. The main outcome was ongoing pregnancy rate. Result(s) The P/F ratio was calculated according to the equation (P[ng/mL]/number of follicles) on the day of final oocyte maturation. Using ROC, we established a cut-off level of 0.075 for the P/F ratio. The area under the curve (AUC) (0.756; 95 % confidence interval [CI]: 0.704-0.807) indicated that it was a good prognostic test. In group 1 (patients under 36 years old), the ongoing pregnancy rates were 57 and 30 % for patients with P/F ratios≤.075 and>.075, respectively, (p= 0.003). In group 2 (patients between 36 and 39 years old), the ongoing pregnancy rates were 58 % and 17 % (p=0.001) for patients with P/F ratios ≤.075 and>.075, respectively. In group 3 (patients≥40 years old), the ongoing pregnancy rates were 41.7 and 10.9 % (p=0.001) for patients with P/F ratios≤.075 and>.075, respectively. Conclusions The P/F ratio is a good prognostic test for predicting IVF outcome that can correlate the P level with ovarian response.
Introduction
Progesterone elevation (PE) has been observed during controlled ovarian stimulation (COS) using gonadotropins and gonadotropin-releasing hormone (GnRH) analogs, occurring mainly at the end of the follicular phase and on the day of human chorionic gonadotropin (hCG) administration. Its frequency varies, but it occurs in up to 35 % of cycles in patients treated with a GnRH agonist and in up to 38 % of cycles in those treated with a GnRH antagonist [1] .
A recent meta-analysis has suggested that PE during COS is associated with a decreased probability of pregnancy following fresh embryo transfer (ET), but this elevation is not associated with the outcome of frozen-thawed transfer (FET) [2] . These data suggest that PE may be associated with adverse effects on the endometrium (specifically, advanced endometrial histological maturation and altered gene expression) and that it does not negatively impact embryo quality [3, 4] . Thus, patients with PE during a fresh cycle would benefit from elective FET, for which the entire cohort of embryos is cryopreserved and the embryo transfer is performed later in a Capsule The ratio of progesterone-to-number of follicles is a good prognostic test for predicting IVF outcome that can correlate the P level with ovarian response.
natural cycle or in a cycle with hormonal replacement for endometrial priming. [5, 6] .
However, deleterious progesterone (P) levels may vary according to ovarian response [7, 8] . Thus, it would be better to define a ratio between P level and ovarian response instead of using a single P level as a prognostic tool. The aim of this study was to determine whether the use of the ratio of P level to the number of follicles (P/F ratio) is optimal compared with an isolated threshold concentration of P on the day of final oocyte maturation for selecting patients to undergo delayed ET rather than fresh ET.
Materials and methods
This study was conducted between January 2012 and June 2013 in a private in vitro fertilization (IVF) unit in Brazil. An institutional review board approved this study, and informed consent was obtained from all patients included in the study.
Patient selection
The following inclusion criteria were established: (1) GnRH antagonist cycles with at least two good-quality embryos (featuring 6-10 cells with no fragmentation and equal blastomere size [grade 1] or up to 20 % fragmentation [grade 2]) for fresh ET; and (2) P<1.5 ng/mL on the day of trigger. Exclusion criteria included: (1) P≥1.5 ng/mL on the day of trigger; (2) the presence of a uterine pathology (adenomyosis or uterine malformations); (3) recurrent pregnancy loss; (4) previous implantation failure (≥3 previous failed ETs); and (5) severe male factor infertility (oligospermia <1 million/mL and azoospermia). The patients that fulfilled the inclusion/exclusion criteria (335 patients) were followed for up to 12 weeks of pregnancy when available, via an ultrasound scan in the 7th-8th weekS of pregnancy to confirm clinical pregnancy and contact by telephone in the 12th weeks to confirm ongoing pregnancy.
Study protocol
Patients underwent COS with recombinant folliclestimulating hormone (FSH) (Gonal-F®; MerckKGaA, Darmstadt, Germany) starting on day 2 or 3 of menses, and levels of up to 450 IU/day were administered using a step-down protocol. The GnRH antagonist cetrorelix (Cetrotide; MerckKGaA) was used for pituitary suppression and was initiated on stimulation day 5 or 6. Final oocyte maturation was induced with 250 mcg of recombinant hCG (Ovitrelle®; MerckKGaA) plus 0.2 mg of triptorelin (Gonapeptyl daily®; Ferring Pharmaceuticals, Saint Prex, Switzerland), referred to as a Bdual trigger [ 9] , when at least two follicles reached a diameter of 18 mm. The patients underwent transvaginal ultrasound-guided oocyte retrieval at 35 h after trigger, followed by intracytoplasmic sperm injection (ICSI). One to four embryos were transferred under ultrasonography guidance on day 3 following oocyte retrieval, and embryo quality was evaluated. Luteal phase support with 90 mg of vaginal progesterone daily (Crinone 8 % vaginal gel; MerckKGaA) was initiated on the day of oocyte retrieval and continued for up to 9 weeks of pregnancy when available.
Hormone analysis and follicle count
Blood samples were collected between 7:00 and 12:00 a.m. on the day of final oocyte maturation, and serum P levels were measured using a chemiluminescent immunoassay for quantitative determination of the hormone (Diagnostics Biochem Canada Inc., Dorchester, ON, Canada) with a sensitivity of 0.1 ng/mL. P concentrations were determined with a coefficient of variation (CV) of <10 %. The P/F ratio was calculated according to the equation (P[ng/mL]/number of follicles) and was defined by the measurements obtained on the day of final oocyte maturation. All ultrasounds were performed at our IVF center, and we included the number of follicles ≥14 mm on the day of final oocyte maturation in the ratio calculation.
Outcomes
Pregnancy was defined by hCG titers within 11 days following ET. Clinical pregnancy was defined by the observation of intrauterine embryo heart motion by 7 weeks gestation. Ongoing pregnancy was defined as pregnancy proceeding beyond the 12th weeks of gestation. The implantation rate was regarded as the ratio of the number of observed embryo hearts to the number of transferred embryos.
The main outcome measure was ongoing pregnancy rate, which has been shown to be comparable to live birth as a measure of efficacy [10] . The number of oocytes retrieved, the number of mature oocytes, the fertilization rate, the implantation rate, and the pregnancy rate were the secondary outcome measures.
Statistical analysis
Sample size calculation was performed using pregnancy rate as the base outcome. Using an alpha value of 0.05 and a beta value of 0.2 in a two-sided test, it was determined that 145 exposed subjects and 145 non-exposed subjects were necessary to obtain statistically significant results, with a relative risk of ≥0.6.
The data are presented as the mean±standard deviation or as a percentage. A comparison of the quantitative variables was performed using Student's t-test for the independent samples. For the comparison of the categorical data, the chisquared test was performed. Receiver operating characteristic (ROC) analysis was conducted to establish the most efficient cut-off values for the P/F ratio to discriminate between successful and unsuccessful ICSI outcomes of antagonist cycles with day-3 fresh ET. The best cut-off values were determined based on equivalent sensitivity and specificity, and the highest value of the area under curve (AUC) was determined. We also performed the ROC analysis for P levels on the day of oocyte maturation. A p value of <0.05 was considered statistically significant. Statistical analysis was performed with Statistical Package for the Social Sciences software (SPSS version 19.0 for Windows; IBM Corporation, Armonk, NY, USA).
Results
The baseline characteristics of the overall population are presented in Table 1 . During the study period, we performed oocyte retrievals on 962 patients. Of them, a total of 335 patients fulfilled the inclusion/exclusion criteria and were included in the study. These patients were followed at least until the 12th weeks of pregnancy or earlier if a negative outcome occurred. The mean age was 36.64±4.58 years, and the mean basal FSH level was 8.26±2.47. The overall implantation and ongoing pregnancy rates were 22.36 and 35 %, respectively.
According to the ROC analysis, the P/F ratio was found to be discriminative for achieving versus not achieving pregnancy (p=0.001; AUC=0.756; 95 % confidence interval [CI]: 0.704-0.807) with a sensitivity and specificity of 71 % and 71.1 %, respectively (Fig. 1) . The optimal cut-off value for the P/F ratio was 0.075. The ROC analysis for P levels on the day of final oocyte maturation for achieving versus not achieving pregnancy showed an AUC = 0.658 (p = 0.001; 95 % CI: 0.599-0.716).
To avoid possible bias due the different mean ages between the 2 groups, the patients were stratified by age into three groups. Group 1 included patients under 36 years old; group 2 included those between 36 and 39 years old; and group 3 included those≥40 years old. In all three groups, the IVF outcomes were correlated with the P/F ratio. In group 1 (Table 2) , the ongoing pregnancy rates were 57 and 30 % for the patients with P/F ratios of≤.075 and>.075, respectively (p=0.003), and the implantation rates were 35.6 and 19.7 % for the patients with P/F ratios of≤.075 and>.075, respectively (p=0.016). In group 2 (Table 3) , the ongoing pregnancy rates were 58 and 17 % (p=0.001) and the implantation rates were 33.3 and 12.7 % (p=0.001) for the patients with P/F ratios of≤.075 and>.075, respectively. Finally, in group 3 (Table 4) , the ongoing pregnancy rates were 41.7 and 10.9 % (p=0.001) and the implantation rates were 23.3 and 8.9 % (p=0.001) for the patients with P/F ratios of≤.075 and>.075, respectively.
Discussion
In this study, we observed that the P/F ratio was a better predictor of IVF outcome than the isolated P level during an IVF cycle with fresh ET. There is growing evidence that supra-physiologic hormone levels during COS may jeopardize endometrial receptivity and decrease pregnancy rate during fresh ET. However, embryo quality does not appear to be affected by altered hormone levels [11] . AFC antral follicle count, P progesterone, E 2 estradiol, MII mature eggs * The results are expressed as the mean±SD Fig. 1 ROC curve for P/F ratio (in blue) and for P levels (in green)
Thus, some patients would benefit from delayed frozenthawed transfers (FET) [12] . However, it is still a challenge to find a non-invasive test to assess endometrial receptivity that is able to accurately predict IVF outcome, and there is currently no consensus regarding the best way to select those patients who would really benefit from elective FET.
Currently, the best way to select patients for delayed FET is by assessing the P level on the day of final oocyte maturation because PE during the late follicular phase of COS is associated with a decreased probability of pregnancy in patients undergoing fresh ET [2] . In the final follicular phase, the subtle increases in progesterone levels are associated with advancements in the endometrium's ultrastructural morphology and echogenicity, and these levels seem to have a negative impact on embryo implantation [13, 14] . These alterations may result in embryo-endometrium asynchrony, and they may decrease the implantation rates during ART treatments [6] . The live birth rates of patients undergoing IVF treatments may decrease when there is an increase in P levels on the day of final oocyte maturation [15] . However, we still do not know exactly what the threshold values are when a cycle becomes supra-physiologic [16] . In our study, we correlated the P/F ratio to the IVF outcomes of fresh cleavage-stage ETs in the patients with a P level of <1.5 ng/mL on the day of final oocyte maturation and found that this ratio was a better predictor of pregnancy in all age groups when compared to progesterone alone. The overall IVF outcomes observed in our study are in accordance with previous reports in the literature [17] . However, we found statistically significant differences in outcomes according to ovarian response. When evaluating the ROC analysis in our study, the P/F ratio (which correlates the P level to ovarian response) seems to be a more effective IVF prognostic tool compared with a single P measurement on the day of final oocyte maturation. It has been suggested that a patient's hormone profile during COS is related to ovarian response and that the P level increases as the number of follicles and E 2 level increase [18] . Some studies have suggested that the progesterone-toestradiol ratio (P/E 2 ) reflects premature luteinization and that it could be a more accurate predictor of IVF outcome than the isolated P level [19, 20] . However, these studies that have correlated the P/E 2 to IVF outcome have reported unsatisfactory values for sensitivity, specificity, and AUC [19, 21, 22] . Conversely, our test showed a moderate level of accuracy with AUC=0.756, and it exhibited good sensitivity and specificity of 71 % and 71.1 %, respectively. These results for P/F ratio were better than those found for P levels (AUC=0.658; 95 % CI: 0.599-0.716). Interestingly, we observed that the proportion of patients with a P/F ratio>0.075 increased with advanced maternal age. A total of 32.8 % of the <36-year-old patients had an elevated P/F ratio in addition to 58.3 % of those that were 36-39 years old, and 75.2 % of those that were >39 years old. We hypothesize that with advanced maternal age, (in addition to worsening oocyte quality) a change in the pattern of ovarian hormonal response could occur. The P/F ratio reflects the average amount of P produced by each follicle≥14 mm on the day of final oocyte maturation. The poorest outcomes observed in patients with higher P/F ratio may be related to a disruption in follicular growth / maturation, and may reflect an increased follicular secretion of P from each mature follicle. [23] .
Because this study was not a randomized clinical trial, it may have some weaknesses. There were some differences in the number of retrieved oocytes when comparing the groups with a P/F ratio≤.075 with those with a ratio>.075, with a lower number of oocytes noted in the latter group. However, according to the literature [8, 24] , both groups of patients have been found to exhibit good prognoses considering the number of retrieved oocytes. When between 6 and 15 oocytes are retrieved, the pregnancy rates for one fresh ET are similar, and when oocyte numbers are either below or above that range, outcomes are compromised [25] . We observed statistically significant differences between the groups with P/F AFC antral follicle count, P progesterone, E 2 estradiol, MII mature eggs * The results are expressed as the mean±SD ratios that were under or over the established cut-off, suggesting that these ratios had different consequences on endometrial receptivity according to both ovarian response and P level. The ovarian response, number of retrieved oocytes, number of mature oocytes retrieved, and number of fertilized eggs were significantly lower in the patients with a P/F ratio>.075. Some studies using the P/E 2 ratio have found similar results after establishing a cut-off value for P/E 2 , suggesting that this ratio is associated with lower fertility [19, 26] . Studies attempting to establish cut-off levels or ratios using hormonal measurements may be influenced by the different measurement techniques used or by the lab at which they are measured. These variations may be responsible for the differences between the cutoff levels/ratios reported by the different studies. Thus, based on our findings, we suggest that each IVF center obtain an individual P/F ratio based on their own, location-specific hormonal measurements. There may also be concerns about the transfer in cleavage stage performed in our study, as the practice of blastocyst transfer in increasingly being adopted in many ART clinics over cleavage stage, although there is no clear evidence that this is a safe practice [27] . A recent metaanalysis showed that there is a small advantage in performing blastocyst transfer compared to cleavage stage transfer when considering the live birth rates. However, these results were observed only in good prognosis patients and the cumulative clinical pregnancy rates were higher for cleavage stage transfer when compared to blastocyst transfer [28] . In our IVF center the cleavage stage embryo transfer was a routine procedure in the study period. To our knowledge, there is only one recent published study to correlate the progesterone levels to ovarian response and IVF outcomes [23] , and we still suggest in our study that the P/F ratio is a good prognostic tool for predicting IVF outcome following fresh cleavage-stage ET, even in a select group of patients (P<1.5 ng/mL on the day of trigger). Further randomized trials are required to evaluate this strategy to validate the results found in this study; however, it seems that the P/F ratio is a better predictor of IVF outcome compared with a single P cut-off level obtained on the day of final oocyte maturation.
